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(57) ABSTRACT

An 1mage processing method for an electronic camera which
includes a photoelectric element having plural sensors and
color filters 1n plural different colors, wherein each of the
plural sensors corresponds to a respective one of the color
filters 1n the different colors. The method includes the steps
of: obtaining a signal value from a target sensor of the
sensors when one of the sensors 1s assigned to the target
sensor; obtaining the first average value from signal values
of the sensors having the color filters of which a color 1s the
same as that of the color filter of the target sensor; obtaining
the second average value from signal values of the sensors
having the color filters of which a color 1s different from that
of the color filter of the target sensor; and obtaining an
interpolation value for a color, which 1s different from that
of the color filter of the target sensor, of the target sensor
according to the signal value from the target sensor, the first
average value and the second average value.
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IMAGE PROCESSING METHOD FOR
ACTIVELY EDGE-ENHANCING IMAGE
DATA OBTAINED BY AN ELECTRONIC

CAMERA

BACKGROUND OF THE INVENTION

The present invention relates to an electronic camera and
an 1mage processing method, more specifically, in a single
plate electronic camera employing a photoelectric conver-
sion element and a color filter, the electronic camera wherein
a color signal value of which color 1s different from a filter
color of each pixel 1s obtained by interpolation, and a
method of an 1mage compression and decompression pro-
cess employed 1n said electronic camera and the like.

Conventionally, the single board sensor electronic camera
has been known wherein a color filter 1s put on each of pixels
of a photoelectric conversion element such as a CCD
(Charge Coupled Device), and color image signals are
obtained.

In the above-mentioned single board sensor electronic
camera, as shown, for example, 1n FIG. 2, a mosaic color
filter 1s employed wherein in order to obtain a brightness
signal (Green signal) for which a high degree of resolution
1s required, Green f{ilters are arranged i1n a checkerboard
pattern, while 1n order to obtain two kinds of color signals

(Red and Blue signals), Red filters and Blue filters are
arranged 1n the checkerboard pattern.

Furthermore, as the above-mentioned color filters, there
are one composed of R, G, B as shown in FIG. 2 and the
other composed of the combination such as (W, G, Cy, Ye),
(G, Cy, Ye) and (Mg, G, Cy, Ye), etc. wherein W represents
white; Cy represents cyan; Ye represents yellow and Mg
represents magenta.

In the single board sensor electronic camera as mentioned
above, when employing, for example, color filters consisting
of R, B, G, information on any one of R, G, B for each pixel
1s only obtained. Accordingly, there 1s a case such that the
interpolation calculation on 1mage signals 1s performed and
cach of the R, G, B data 1s obtained for each pixel.

For example, U.S. Pat. No. 4,642,678 discloses a structure
wherein 1n an arrangement utilizing an R, X, B mosaic filter,
when a Green signal value 1s obtained by the interpolation
for the pixel of an s filter or a B filter, the average value of
four G filter pixels adjacent to a target pixel 1s put as a Green
signal of the target pixel. Furthermore, there 1s a disclosure
of a structure wherein when a Red signal value and Blue
signal value are obtained by interpolation, the Red signal
value and the Blue signal value are linearly interpolated
according to the signal value of a pixel of a Red filter and a
Blue filter adjacent to the target pixel and a Green signal
value imterpolated at said adjacent pixel, the Green signal
value mterpolated at said adjacent pixel and the Green signal
(original signal value for G filter pixel and interpolated value
for the R and B filter pixels) at the target pixel.

Furthermore, “Digital Camera Utilizing Newly Devel-
oped Compression and Interpolation Processing” in the
Proceedings of Fine Imaging Symposium (1995) of the
Japan Photographic Society discloses a structure wherein
upon recognizing an edge pattern, an 1nterpolation direction
1s set which 1s pertinent for the recognized pattern, and the
interpolation 1s performed using a pixel signal value m said
interpolation direction.

Further, U.S. Pat. No. 5,373,322 discloses a structure
wherein 1n an arrangement composed of a R, G, B mosaic
filter as shown 1n FIG. 2, for the iterpolation, for example,
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of a Green signal, the gradient of a color signal Blue and Red
for an target pixel 1s obtained and the direction suitable for
the 1nterpolation 1s determined according to said gradient,
and the interpolation value 1s obtained.

In the following, 1s shown examples of the interpolation
calculation of G signal 34 at pixel R34 of a Red filter shown
in FIG. 2 and a G signal G43 at a pixel B43 of a B filter.

In the mterpolation operation of G34, at first, the gradient
for R34 from R32, R36 and R14 is calculated according to
the following expressions.

Hdiff=|(R32+R36)/2-R34

Vdiff=|(R14+R54)/2-R34]

wheremn Hdiff represents the gradient in the horizontal
direction against R34 and Vdiif represents the gradient

in the perpendicular direction.
And, when Hdift<Vdift,

put G34=(G33+G35)/2.

When Hdift>Vditt

put G34=(G24+G44)/2.

When Hdiff=Vdift

put G34=(G24+G44+G33+G35)/4.

In the same way, in the 1nterpolation operation of G43, the
oradient for B43 1s first calculated from B41, B45, B23 and
B63 according to the following expressions.

Hdiff=|(B41+B45)/2-B43)|

Vdiff=|(B23+B63)/2-B43|

And, when Hdiff <Vdift,

put G43=(G42+G44)/2.

When Hditt>Vdift,

put G43=(G33+G53)/2.

When Hdiff=Vdift,

put G43=(G33+G53+G42+G44)/4.

On the other hand, the interpolation of R signals and B
signals 1s performed under such a structure that a linear
interpolation 1s carried out utilizing a pixel of a G filter and
signals of a R filter and a B f{ilter adjacent closely to said
pixel.

In the following, the interpolation operation expressions
are shown for R33, R43 and R44 of the R signal.

R33=((R32-G32)+(R34-G34)/2+G33
R43=((R32-G32)+(R34-G34)+(R52-G52)+(R54-G54)/4+G43

R44=((R34-G34)+(R54-G54)/2+G44

In addition, 1n the following, are shown operation expres-
sions of B33, B34 and B44 of the B signal.

B33=((R23-G23)+(R43-G43)/2+G33
B34=((R23-G23)+(R25-G25)+(B43-G43)+(R45-G45))/4+G34

B44 =((B43 —G43)+(B45 —~G45))/2 +G44
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On the other hand, in the above-mentioned electronic
camera, conventionally, the 1mage data have undergone
compression which are recorded in a semiconductor
memory, etc. and for said compression, a method utilizing an
orthogonal transformation coding has been mainly
employed.

For example, in the JPEG (Joint Photographic Coding
Experts) compression, the RBG signals are subjected to
orthogonal transformation through DTC (Discrete Cosine
Transformation) while putting 8x8 pixel as one unit, and
then quantized, and Huflman coded to be compressed data.
The compressed data are stored or transmitted. When the
compressed data are decompressed (extended), the image is
reproduced thorough the reverse process mentioned above.

As mentioned above, the orthogonal transformation cod-
ing 1s performed under dividing the 1mage region into a
plurality of blocks. Therefore, 1n the 1mage decompression
(image extension), there has been a problem such as a
phenomenon wherein the joint of the blocks i1s not natural
(hereinafter referred to as block deformation). various meth-
ods have been proposed for improving said block deforma-
fion.

For example, Japanese Patent Publication Open to Public
Inspection No. 63-236088 discloses a structure wherein the
orthogonal transformation coding 1s performed so that each
block 1s overlapped, and Japanese Patent Publication Open
to Public Inspection No. 3-166825 discloses a structure
wherein a low-pass filter 1s applied to the portion which 1s
judged to be a flat portion of an i1mage. Furthermore,
Japanese Patent Publication Open to Public Inspection No.
4-2273 discloses a structure wherein random noise 1s added
to the neighbor of a block boundary or a low-pass filter 1s
applied to that. Still further, Japanese Patent Publication
Open to Public Inspection No. 6-113147 discloses a struc-
ture wherein for an 1mage having a block deformation, a
low-pass filter 1s applied to the portion having the deforma-
fion upon judging the presence of the deformation from the
boundary.

Incidentally, 1n the interpolation method in the mosaic
filter disclosed 1n the above-mentioned U.S. Pat. No.
4642678, 1n the Blue filter pixel, when obtaining the Red
signal value by interpolation, the Green and Red signals are
only employed. In the same way, when 1nterpolating the
Blue signal by the Red filter pixel, the structure 1s such that
the Green and Blue signal values are only employed. In the
interpolation of the B signal in the R filter pixel, a structure
1s such that the signal value of the target pixel 1s not
employed for the interpolation operation. Therefore, accord-
ing to the above-mentioned interpolation method, problems
are caused such that the color reproduction and sharpness
are deteriorated.

In a method which determines the direction of interpola-
tion operation by performing the pattern recognition of an
cdge, there have been a problem such that the operation load
1s large due to the discrimination of an image pattern and the
interpolation process 1s slow. Furthermore, there have been
another problem such that because in the same way as
mentioned above, B and R signal values are interpolated
according to signal values of G and B or G and R without
utilizing the target signal value, the color reproduction 1s not
sufficient.

Furthermore, in U.S. Pat. No. 5,373,322, there 1s a prob-
lem such that the interpolation of G signals which are
brightness signals 1s performed according to the gradient of
R and B signals which are color signals, and as a result, the
interpolation 1s performed irrespective of the G gradient.
Further, regarding to the interpolation of the color signals,
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there 1s another problem such that because the linear inter-
polation 1s performed utilizing the interpolated G signals,
the color reproduction of a whole 1mage 1s not suflicient.
Furthermore, a defect 1s caused such that the process 1s slow
because of judging the gradient.

Furthermore, 1n each of conventional technologies men-
tioned above, the mterpolation 1s performed utilizing a pixel
in one dimensional direction or pixels adjacent closely to the
target pixel. In such the structure, there has been a problem
such that the color reproduction is not sufficient because the
number of reference pixels 1s small.

On the other hand, 1n the above-mentioned conventional
methods for improving the block distortion, when letting the
blocks overlap, there 1s a problem such that 1t 1s required to
undergo process different from a standard compression
method. In a structure wherein the random noise 1s added,
there has been a problem such that an 1image becomes rough
due to the addition of the noise. Furthermore, 1n a structure
wherein the low-pass filter 1s applied upon judging the flat
portion, or wherein the low-pass filter 1s applied upon
judging the presence of the block distortion, the operation
load 1s enlarged because the judgment process 1s required
and when the judgment process 1s not performed suitably, on
the contrary, the 1mage quality tends to be degraded.

SUMMARY OF THE INVENTION

In view of the above-mentioned problems, the present
invention has been accomplished. An object of the present
invention 1s to provide, 1n a single board sensor electronic
camera, an interpolation process which results 1n excellent
color reproduction and sharpness, and further shortens pro-
cessing time.

In addition, another object of the present 1nvention 1s to
provide a method wherein in a simple 1mage processing, a
block distortion 1s decreased without causing the deteriora-
tion of 1mage quality.

The present invention which accomplishes the above-
mentioned objects 1s an 1mage processing method of an
clectronic camera which comprises a photoelectric element
having plural sensors and color filters 1n plural different
colors, wherein each of the plural sensors corresponds to a
respective one of the color filters 1n the different colors. The
image processing method comprises the following pro-
cesses: 1) when one of the plural sensors is assigned to a
target sensor, a process for obtaining a signal value from the
target sensor, 2) in the desired region where the target sensor
1s positioned 1n the center, a process for obtaining the first
average value from signal values of the plural sensors
having the color filters of which a color 1s the same as that
of the color filter corresponding to the target sensor, 3) in the
desired region, a process for obtaining the second average
value from signal values of the plural sensors having the
color filters of which a color 1s different from that of the
color filter of the target sensor and 4) according to the signal
value of the target sensor, the first average value and the
second average value, a process for obtaining an interpola-
tion value for a color, which 1s different from that of the
color filters corresponding to the target sensor, of the target
SENSOL.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating a signal transfor-
mation process of an electronic camera 1n an example.

FIGS. 2(A) and 2(B) are drawings illustrating RGB
mosaic filters.

FIG. 3 1s a block diagram illustrating in detail an 1mage
interpolation section.
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FIG. 4 1s a drawing 1llustrating the basic structure of a
YMCG mosaic filter.

FIG. § 1s a drawing illustrating the basic structure of a
YCGW mosaic filter.

FIG. 6 1s a drawing illustrating the basic structure of a
YCG mosaic filter.

FIG. 7 1s a block diagram 1illustrating the details of an
image 1nterpolation section employing a mosaic filter
cquipped with no R, B filters.

FIG. 8 1s a flow chart illustrating software for the inter-
polation operation in an RGB mosaic filter.

FIG. 9 1s a flow chart 1illustrating software for the inter-
polation operation 1n an YMCG mosaic filter.

FIG. 10 1s a diagram 1illustrating the correlation between
frequency characteristic of interpolation matrix and interpo-
lation processing coeflicient f3.

FIG. 11(A) is a diagram illustrating an example of MTF
at F2.8 and F11.

FIG. 11(B) is a diagram illustrating an example of MTF
characteristic and coefficient 3 corresponding to said
example.

FIG. 12 1s an 1llustration showing the distance between an
axial focal point and an off-axial focal point on a focal plane.

FIG. 13 1s a block diagram of a detailed signal transtor-
mation process of an electronic camera 1n an example.

FIG. 14 1s a block diagram illustrating a flow of a
compression process and a decompression process.

FIG. 15 1s a block diagram illustrating a flow of a
compression process and a decompression process accom-
panied with YCbCr transformation.

FIG. 16 1s a diagram illustrating the relation between
sharpness adjusting coeflicient 3 and 1mage brightness.

DETAILED DESCRIPTION OF THE
INVENTION

In the following, an example of the present invention are
explained.

FIG. 1 1s a block diagram 1llustrating a schematic signal
transformation process of a single board sensor electronic
camera related to the example.

In FIG. 1, an optical image of a subject not shown 1s
illuminated through a taking lens 1 on a CCD 2 through
various kinds of filters laminated on said CCD, and at the
CCD 2, said optical image of the subject 1s subjected to
photoelectric conversion to convert to an electric signal.

The above-mentioned various kinds of filters include, for
example, an optical low-pass filter 3 which passes only the
low region of spatial frequency, an infrared-cut filter 4 which
cuts the infrared radiation and a mosaic filter 5 which 1s

composed of the combination of color filters such as RGB or
CMYQG, etc.

Accordingly, the mosaic filter 5 has such a structure
wherein the above-mentioned various kinds of filters are
integrally constructed with the sensor CCD 2 and an indi-
vidual color filter 1s 1nstalled on each of the sensors of the
CCD 2 and the color filters are arranged 1n a checkerboard

pattern for the whole CCD which 1s an aggregate of the
SENSOrs.

The electric signals output from the above-mentioned
CCD 2 are subjected to A/D conversion and then stored once
In an 1mage storage 6.

The 1mage data stored in the above-mentioned 1mage
storage 6 1s subjected to interpolation process 1n an image
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6

interpolation section 7a of an 1mage processing section 7
and further subjected to color transformation process in a
color transformation process 7b.

Subsequently, the 1mage data are subjected to adjustment
of the tonal characteristic in a gamma transformation section
and subjected to 1mage compression process such as JPEG,
etc. as required 1n an 1mage compression section 9.

In a recording section 10, compressed data are recorded 1n

recording medium such as a memory card, a magneto optical
disk, etc.

Further, the electronic camera of the present invention
includes such cameras as one having a configuration
wherein an 1mage taken by a photoelectric conversion
clement such as the above-mentioned CCD 2 1s stored 1n a
storage medium such as, a FLASH memory, a videotape, etc.
and another having a configuration wherein an 1mage signal
1s only output without having any of those storage media.

The signal transformation process shown in FIG. 1 1s
herein controlled by a CPU 11.

In the following, the interpolation process 1n the above-

mentioned 1mage interpolation section 7a 1s explained in
detail.

Further, In the following explanation on the interpolation
process, 1t 1s assumed that the RGB mosaic filter as shown
in FIG. 2 1s employed. In the mosaic filter in FIG. 2, Green
filters are arranged 1n a checkerboard pattern, while in the
remaining part, each of Red filters and Blue filters 1s equally
arranged 1n the checkerboard pattern.

According to the 1image data read from the 1image storage
6, an average value of each color filter 1s calculated in the
5x5 pixel region 1n an average value calculating section 21

shown 1n FIG. 3.

When color reproduction 1s taken into account, a scheme
may be accepted wherein the average value of each filter
color 1n the 5x5 pixel region or larger. However, when
enlarging the region, artifact increases in the neighbor of the
edge. Thus, the region 1s preferably limited to somewhat 5x5
pixel.

On the other hand, 1n an interpolation calculation section
22 1n FIG. 3, the interpolation value 1s obtained as follows.

For example, in FIG. 2, Green signals G34 and G43
corresponding to each pixel (target pixel) of R filter pixel
R34 and B filter pixel B43 1 FIG. 2 are interpolated

according to the following formulas.

(G34=R34+G'34-R'34

G43=B43+G'43-B'43

wherein G'34 and R'34 each represent the average value
of the Green signals and Blue signals 1n the 5x5 pixel
region wherein the target pixel R34 1s positioned 1n the
center, G'43 and B'43 cach represent the average value
of Green signals and Blue signals 1 the 5x5 pixel
region 1n which the target pixel B43 1s position 1n the
center. Specifically, each of them 1s obtained by the
following formula.

G'34=(G13+G15+G22+G24+G26+G33+G35+G42+G44+G46+
G53+G55)/12

G'43=(G22+G24+G31+G33+G35+G42+G44+G51+GS3+GE5+
G62+G64)/12

R'34=(R12+R14+R16+R32+R34+R36+R52+% 54+R56)/9

B'43=(B21+B23+B25+B41+B43+B45+B61+B63+B65)/9
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Further, the range for obtaining the average values 1s not
limited to the 5x5 pixel region but may be applicable to the
region such as 3x3 pixel, 3x5 pixel, 5x3 pixel, 7x5 pixel,
ctc. and may be weighted.

Furthermore, interpolation values of the Red signal R33,
R43 and R44 corresponding to G filter pixel G33, B filter
pixel B43 and G filter pixel G44 are obtained as follows.

R33=G33+R'33-G'33
R43=B43+R'43-B'43
R44=G44+R'44-G'44

In the same way as mentioned above, R'33 and G'33 each
represent the average value of the Red signals and Green
signals 1n the 5x5 pixel region in which the target pixel G33
1s positioned 1n the center, and R'43 and B'43 represent the
average value of the Red signals and Blue signals in the 5x5
pixel region 1 which the marked B43 1s positioned 1n the
center. Furthermore, R'44 and (G'44 cach represent the aver-
age value of the Red signals and Green signals 1n the 5x5
pixel region 1n which the marked G44 1s positioned 1n the
center.

Furthermore, interpolation values B33, B34 and B44 of
the Blue signals corresponding to G filter pixel G33, R filter
pixel B34 and G filter pixel G44 are obtained as follows.

B33=G33+B'33-G'33
B34=R34+B'34-R'34

B44=G44+B'44-G744

B'33, B'34 and B'44 cach represent the average value of
the Blue signals 1 the 5x5 pixel region 1n which each of
G33, R34 and G44 1s positioned 1n the center.

When the above operation results are tabulated, Table 1 1s
obtained. In Table 1, B, G and R each represent a signal
value of the target pixel, and g, b and r each represent an
interpolated value.

TABLE 1
Target pixel g b r
B G'+B-B B R'"+B-B
G G B+G-G R+G-G
R G'+R-R B'"+R -R R

As shown 1n Table 1, it 1s possible to obtain excellent
color reproduction by calculating the interpolation values
according to the average values of the target signal values
and the signal values of each color 1 the desired region 1n
which the target pixel 1s positioned 1n the center.

As a modified example of above Table 1, by letting the
interpolation formula have an edge enhancement coeflicient
3, 1t 1s possible to vary the feature of the interpolated 1mage.
The results are shown 1n Table 2.

TABLE 2-A
Target pixel g b r
B G+pB-B) B+pB-B) R+p(B-B)
G G+p(G-G) B+p(G-G") R +p(G-G)
R G+p(R-R) B+pR-R) R+p(R-R)

As p shown 1n Table 2-A increases, the 1mage sharpness
1s improved and when decreased, the 1mage 1s blurred.

However, when 3=0, Table 3 may be available in accor-
dance with the color filter of each target pixel.
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TABLE 3
Target pixel Output Value
B b=8B
G g=0Q
R r=R

Furthermore, in the Bayer type primary color filter, the
number of G pixels 1s more than that of B and R pixels. As
a result, in the mosaic filter shown in FIG. 2(A), G' becomes
an average value of 12 or 13 pixels. Contrary to this, R and
B each are always an average of 9 pixels. When this G' 1s
utilized like as PB(G—-G') as a sharpness enhancing
component, the frequency characteristic of (G—G') 1s differ-
ent from that of (B—B') or (R—R'), the edge enhancement in
the diagonal direction 1s increased and due to this, periodic
noise 1s caused at the G pixel.

Accordingly, without utilizing the average value G/, the
average value of 9 pixels in the same way as of R and B and
a sharpness enhancing component 1s prepared. When G33 1s
set as a central pixel, the average value of signal values of
the circled pixels in FIG. 2(B) is calculated according to the
following Formula O.

(Formula 0)

G"=(G11+G13+G15+G31+G33+G35+G51+GS3+G55)/9

When this 1s expressed as a new interpolation calculating
formula, the following table 1s obtained.

TABLE 2-B
Target pixel g b r

B G+pB-B) B+p(B-B) R+p(B-B)
G G+p(G-G) B+p(G-G) R +p(G-G"
R G+BpR-R) B+pB(R-R) R+p(R-R)

In the foregoing, the mterpolation methods of the mosaic
filters shown in Table 2(A) and 2(B) are explained.
However, the kind of filters 1s not limited and various kinds
of mosaic filters are available which have a combination of
complementary colors such as YMCG (yellow, magenta,
cyan and green), YCG (yellow, cyan and green), etc. Here,
are explained cases for the mosaic filters having structures
shown 1n FIGS. 4 to 6. Further, FIGS. 4 to 6 each illustrate
a basic structure of combination of each color filter and
according to the number of pixels of CCD 2, the filter
structure having the same pattern 1s repeatedly employed.

FIG. 7 1illustrates a structure of the image interpolation
section 7a, when the mosaic filters having the structures
shown in the above-mentioned FIGS. 4 to 6. The image
signals read from the 1mage storage 6 in FIG. 1 are processed
in the average value calculating section 32 and the G average
values of each color 1s calculated 1n the 5x5 pixel region 1n
which the target pixel 1s positioned 1n the center.

And 1n the transformation formula calculating section 32,
signals except for RGB are transformed to RGB signals.

Furthermore, in the interpolation calculating section 33,
the 1interpolation values are obtained according to the desired
interpolation formula. For example, 1n the case of the
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YMCG mosaic filter shown 1n FIG. 4, according to Formula
1, the YMC signals are transformed to RGB signals in the

conversion formula calculating section 32.
(Formula 1)

e -1 1 1
o [1 1 —1}

In above Formula 1, Ye', Mg' and Cy' each represent each
average value of yellow signal values, magenta signal values
and cyan signal values 1n the 5x5 pixel region 1n which the
target pixel 1s positioned 1n the center and are calculated 1n
the above-mentioned average value calculating section 31,
and b' and r' are converted values by above Formula 1
according to the above-mentioned Ye', Mg' and Cy'.

In addition, 1n the case of the YMCG mosaic filter,
interpolation values are obtained in the above-mentioned
interpolation value calculating section 33 according to the
interpolation formulas shown in Table 4.

TABLE 4
Target pixel g b r
G G+ p (G -G b+ p (G -G '+ P (G- G
Ye G'+p(Ye-Ye) b +p(Ye-Ye) 1 +p(Ye-Ye)
Mg G'+p (Mg-Mg) b +p(Mg-Mg)r'+p(Mg- Mg)
Cy G'+p(Cy-Cy) b+P(Cy-Cy) 1'+p(Cy-Cy)

However, when =0, the output value at the target pixel
may be put as g=G.

In Table 4, G, Ye, Mg and Cy each represent a signal value
of the target pixel and g, b and r each represent an interpo-
lation value.

On the other hand, 1n the case of the YCGW mosaic filter,
the WYC signals are converted to RGB signals according to
Formula 2.

(Formula 2)

b 1 -1 O
o [1 0 —1}

In the same manner, W', Ye', and Cy' represents indepen-
dently each average value of W signals, Ye signals and Cy
signals 1n the 5x5 pixel region 1n which the target pixel is
positioned 1n the center and are calculated in the above-
mentioned average value calculating section 31, and b' and
r' each represent an average value of R and B converted
according to the above-mentioned W', Ye' and Cy'.

In addition, 1n the case of the YCGW mosaic filter shown
in FIG. 5, the interpolation values are obtained according to
the interpolation formulas shown in Table 5.]

TABLE 5
Target pixel g b r
G G+B(G-G) b+p(G-G) r+p(G-G)
W G+B(W-W) bB+pW-W) r+p(W-W)
Ye G'+p(Ye-Ye) Db +p(Ye-Ye) 1 +p(Ye-Ye)
Cy G'+p(Cy-Cy) b+pCy-Cy) r'+p(Cy-Cy)

However, when p=0, the output values at the target pixel
G may be put as g=G.
In Table 5, W, Ye, Cy and G each represent a signal value

of the target pixel and g, b and r each represent an interpo-
lation value.
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Further, 1n the case of the GCY mosaic filter, the GYC a
signals are converted to RGB signals according to Formula
3

(Formula 3)

bl -1 0 17 G-
g=|1 0 0| Y
| -1 1 0] ¢y

In Formula 3, Ye', Cy' and G' represents mndependently
cach average value of Ye signals, Cy signals and G signals
in the 5x5 pixel region 1n which the target pixel 1s positioned
in the center and are calculated in the above-mentioned
average value calculating section 31. b', ¢' and r' each
represent an average value of R. G and B converted accord-
ing to the above-mentioned Ye', Cy' and G'.

In addition, 1n the case of the YCG mosaic filter, the
interpolation values are obtained according to the interpo-
lation formulas shown 1n Table 6.

TABLE ©
Target pixel g b r
G G+p(G-G) b+p(G-G) r+p(G-G)
Ye G'+p(Ye-Ye) Db +p(Ye-Ye) 1+ p(Ye-Ye)
Cy G'+p(Cy-Cy) b+p(Cy-Cy) r'+p(Cy-Cy)

However, when [3=0, the output values at the target pixel
G may be put as g=G.

In Table 6, G, Ye and Cy each represent a signal of the
target pixel and g, b and r each represent an interpolation
value.

Incidentally, the above-mentioned edge enhancing coef-
ficient p may be put as a constant value. Or as shown below,
a structure may be employed wherein {3 varies 1n accordance
with MTF of the optical system.

The frequency characteristic of the above-mentioned
interpolation matrix varies in accordance with the edge
enhancing coetlicient 3 as shown 1n FIG. 10. Above FIG. 10
represents the frequency characteristics of a vertical and a
horizontal direction of the interpolation matrix of the Red
signal or Blue signal at the pixel on which the Red or blue
filter 1n the primary color mosaic filter. It 1s found that when
3 1s 1 or more, the mterpolation matrix holds the band-pass
filter characteristic.

On the other hand, the MTF (Modulation Transfer
Function) of an optical system varies according to an
aperture stop or focal length. Therefore, with an object for
the compensation of MTF deterioration obtained by the
measurement MTF together with the aperture stop and focal
length,  may be put as a variable.

For example, the MTF of a camera 1s subjected to band
limitation at the Y2 Nyquist frequency of a CCD by the
optical low-pass filter. FIG. 11(A) shows an example in the
case of F2.8 and F11. The edge enhancing coefficient 3
corresponding to the MTF 1s determined. When the
Nyquist frequency 1s employed, the following calculating
formula 1s obtained according to the results obtained by

performing the Fourier transform for the interpolation
matrix in Table 7.

p=1.5H-0.5

wherein H 1s a reciprocal of MTF at the Y4 Nyquist fre-
quency. At F2.8, H=4.6 and at F11, H=3.1, and p 1s 6.4 and
4.15, respectively.
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Namely, 1n this manner, 3 may be put as a variable
corresponding to the MTF of the camera.

For example, when the MTF of an 1image photographed by
a CCD shows the characteristic shown 1n FIG. 11, the
interpolated matrix approximated to the reverse character-
istic 1s required 1n order to correct the MTF. For example, an
approximation performed at the 2 Nyquist frequency of a
CCD results 1n the following.

When the frequency characteristic of an interpolation
matrix is represented by Pant P, , P, 1s represented by
the following formula upon performing the Fourier trans-
form for the interpolation matrix in Table 7.

Pjyyp=—0.333+1.333p

TABLE 7
A-po 0 (1 - B)o 0 (1- )9
0 0 0 0 0
(1 - B)/9 0 (1 + 8*B)/9 0 (1 - B/
0 0 0 0 0
A-po 0 (1 - o 0 (1 - B9

When the amplitude of the reverse characteristic 1s rep-

resented by F,,, ., the following formula is obtained.

B=(F},.,,+0.333)/1.333

Furthermore, the marked frequency may be represented by
frequency at which the spatial response of human eyes 1s at
maximum or may be matched average-wise to the whole
frequency band.

Furthermore, since the MTF of a lens varies on a con-
centric circle from the image center, the MTF 1s measured
corresponding to the variation and 3 may be put as a variable
at each pixel position.

In the following, an efficient calculation method for the
image interpolation 1s explained.

Here, when the RGB mosaic filter in FIG. 2 1s employed,
the calculation of the average value 1n the 5x5 pixel region
1s 1llustrated.

As mentioned later, for the calculation of the average
value, the memory equivalent to 4 lines 1s used for the
horizontal direction of the image. Said memories are repre-
sented by add2, add3, add20 and add30, respectively. Cal-
culation procedures are shown 1n the following.

(1) To the add3 is input the total of three pixels in the
vertical direction of the three lines of the first, third and fifth
site from the top corresponding to G11, G31 and G351 pixels
on the extreme left column 1n FIG. 2. Eventually, when
pixels 1n the horizontal direction of each line are represented
by linel[1], line2[i], line3[1], . . . (i=1 to the number of pixels
in the horizontal direction), the following formula is put.

add3|1]=linel]i|+line3|i +lines|1]
For example, the following formulas are put.

add3[1]line1[1]+line3[1]+line5[1]=G11+G31+G51

add3[2]=line1[2 J+line3[2 |+lineS[2]=R12+R32+R52

(2) In add2 is input the total of two pixels in the vertical
direction of the two lines of the second and the forth from

the top corresponding to B21 and B41 of each of pixels in
the extreme left column in FIG. 2.

add2|i]=line2|i|+lined|i]
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For example, the following formulas are put.

add2[1]=line2[1]+line4[1]=B21+B41

add2[2line2[2 +lined[2 ]=G22+G42

(3) Average values R33', G33' and B33' of cach of R
signals, G signals and B signals in the 5x5 pixel region in

which the target pixel G33 1s positioned 1n the center are
calculated as follows.

R'=add3[2]+add3[4]

G'=add2[2 +add2[4]+add3[1}+add3[3]+add3[5]
B'=add2[1]+add2[3]+add2[5]

R33'=R'/6

G33'=G'/13

B33'=B'/6

(4) In FIG. 2, when R34 next G33 on the right side is put
as a target pixel, the average value of each color 1s obtained
as follows.

R'=R'+add3[6]
G'=G'-add3[1]+add2[6]
B'=B'-add2[1]
R34'=R'/9

G34'=G'/12

B34'=B'/4

wherein R' in R'+add3[6] is the total of R signals obtained
at G33; G' in G'-add3| 1] is the total of G signals and B' in
B'-add2[1] is the total of B signals.

(5) Furthermore, when G35 next R34 on the right side is
put as a target pixel, the average value of each color 1s as
follows.

R'=R'-add3[2]
G'=G'+add3[7]-add2[2]
B'=B'+add2[7]
R35'=R'/6

G35'=G'/13

B35'=B'/6

wherein R' in R'-add3[2] is the total of R signals obtained
at R34, G' in G'+add3|7]-add2|2] and B' in B'+add2|7] are
defined 1n the same way as above.

(6) The above-mentioned calculation is repeated succes-
sively 1 the horizontal direction.

(7) Next, the target pixel is transferred to the line of B41.
Here, the total 1n the horizontal direction 1s obtained by the
following formulas and the calculation 1s performed in
accordance with the same procedures as those of the above-

mentioned (3) to (6).

add20]i}=add2[i]
add30]i}=add3|i]
add2|1]=add30|1i]-linel|1] or add2|i]=add3|1i]+lines5|1]

add3[i]=add20[i+line6[i]
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Further, each line memory of add2[i] and add30]i] is
required for keeping the previous values at setting new
values of add2[1] and add3[i]| as mentioned above.

(8) (3) to (7) are repeated and the average value for all the
pixels 1s calculated.

In the above-mentioned manner, when the line memory 1s
utilized, the calculation volume 1s decreased and thus, the
interpolation operation 1s efficiently performed as compared
to the case wherein signals of each pixel contained in the
5x5 pixel region for each target pixel is totaled at each time.

Incidentally, the above-mentioned interpolation calcula-
tion 1s practiced with software by sending the 1image data
before the interpolation to a computer. FIG. 8 shows an
example of an interpolation method by the software process
and FIG. 9 shows the flow chart.

The flow chart in FIG. 8 shows the interpolation by the
software process utilizing the RGB mosaic {ilter.

Firstly, image data are read (S1), discrimination is then
performed on whether the interpolation calculation for all
the pixels are finished or not (§2). When the interpolation for
all the pixel are not finished, the average values R', G' and
B' of each color for pixels adjacent closely to the target pixel
(pixels in 5x5 pixel region) are calculated (S3).

And 1nterpolation values r, g and b are calculated utilizing
the above-mentioned average values R', G' and B' (S4).

The above-mentioned calculated interpolation values are
output (S5) and the next target pixel is then set (56). The
process returns to the above-mentioned S2 and the discrimi-
nation 1s performed on whether interpolation on all the
pixels 1s finished or not. Until the interpolation 1s finished for
all the pixels, the above-mentioned processes S3 to S6 are
repeated.

The flow chart 1n FIG. 9 shows the interpolation by the
software process when the YMCG mosaic filter in FIG. 4 1s
utilized.

Firstly, image data is read (S11) and discrimination is then
performed on whether the interpolation calculation for all
the pixels are finished or not (S12). When the interpolation
calculation 1s not finished for all the pixels, average values
Ye', Mg', Cy' and G' of each color of pixels adjacent closely
to the target pixel are calculated (S13).

Next, the above-mentioned average values Ye', Mg', Cy'
and G' are transformed to r', g' and b' (S14).

And 1nterpolation values r, g and b are calculated utilizing
the above-mentioned r', g' and b' (§185).

The above-mentioned calculated interpolation values are
output (S16) and the subsequent target pixel is then set
(S17). Upon returning to the above-mentioned S12, dis-
crimination 1s performed on whether the interpolation on all
the pixels 1s completed or not. The above-mentioned pro-
cesses S13 to S17 are repeated until the interpolation on all
the pixels 1s finished.

Incidentally, 1n an electronic camera, white balance
adjustment and gain adjustment for correcting the output
variation 1n output of each pixel in the CCD are generally
performed. On the other hand, the vignetting of a lens causes
the decrease 1n marginal brightness of a image field.
However, if the correction for the decrease in marginal
brightness 1s performed at the same time of performing the
above-mentioned white balance adjustment or/and the gain
adjustment, the correction for the above-mentioned marginal
brightness may be performed upon decreasing the calcula-
fion volume.

For example, when the white balance adjustment and gain
adjustment are performed by multiplying the signals r, ¢ and
b interpolated as mentioned above by coeflicients Ar, Ag and
Ab, the correction 1s performed by multiplying the whaite
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balance and gain adjusting coefficients Ar, Ag and Ab by
coellicients for correcting the decrease 1n the marginal
brightness. Adjusted signals r,, g, and b, are obtained
utilizing said adjusted coetlicients Ar, Ag and Ab.

Here, when the coefficient for correcting the decrease 1n
the marginal brightness is represented by o, said coeflicient
a. 1s determined by the cosine forth power rule generally
known and the simplified formula 1s as follows.

a=1/cos*w

Wherein as shown 1n FIG. 12, o 1s dependent of the focal
length and the length between the focal point off axis and on
axis. When they are put as I and x, the following formula 1s
obtained.

w=tan"(x/f)

On a CCD, a varies by s of the total pixels. Thus, it 1s
desirable that a camera has data of a of this number 1n 1it.
And new coetlicients Ar, Ag and Ab obtained by multiplying
this coeflicient a by coetficients Ar, Ag and Ab set for the
white balance and gain adjustments are stored 1n a memory
and the stored coeflicients Ar, Ag and Ab are multiplied by
interpolated signals r, g and b.

The height and width of an 1mage size are represented by
H and W, respectively. When the white balance adjustment,
cgain adjustment and correction for the decrease m the
marginal brightness are performed independently, the mul-
tiplication frequency of 3xHxW 1s required. However, when
the correction for the decrease 1n the marginal brightness 1s
performed as mentioned above, the multiplication frequency
becomes 3x(HxW/4+H/2) and the multiplication frequency
1s reduced.

Further, the correction for the decrease in the marginal
brightness may be subjected to a structure wherein either the
white balance adjustment or gain adjustment 1s performed ,
or both of them are performed at the same time.

In the following, 1s explained the image data compression
and decompression (extension) in the single plane electronic
camera wherein the above-mentioned interpolation pro-
cesses are performed.

FIG. 13 illustrates in more detail a structure of the
clectronic camera shown 1n FIG. 1. An optical image from
a subject not shown 1n the figure 1s 1rradiated onto a CCD 55
through a taking lens 51, a low-pass filter 52, an infrared
radiation cutting filter 53 and a mosaic filter 54 composed of
color filter combination such as RBG, CMY, etc. At the CCD
53, the above-mentioned optical 1mage of the subject is
photoelectrically converted and converted to electric signals.

The electric signals output from the above-mentioned
CCD are A/D converted and are then stored once 1n an 1mage
storage 56.

The 1mage data stored 1n the above-mentioned image
storage 56 are first converted by a matrix (1) 57 so as to
approach the signals when photographed under a standard
light source. Subsequently, the resulting data are converted
by a matrix (2) 58 so as to approach the stimuli to the human
retina. However, the processing order of the matrix (1) 57
and the matrix (2) 58 may be reversed.

Subsequently, each of three values 1s multiplied by a
coellicient utilizing a gain control 59, so that a suitable white
point 1s secured. By performing the foregoing, a white
balance 1s taken.

Next, the data are transformed by a matrix (3) 60 so that
the signal values, when displayed on a CRT, become suitable
figures. Furthermore, a tonal curve 1s adjusted by a gamma
control 61 so as to matching the gamma characteristic of the

CRT.
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Furthermore, 1n an 1mage compression section 62, the
image data are subjected to compression process such as the
JPEG compression and said compressed image data are
recorded 1n a semiconductor memory 63.

A CPU 64 to which signals, etc. from a flicker discrimi-
nating device 65 are mput controls the operation of the each
of the above-mentioned processing sections and on the other
side, mputs signals from the outside through an external
interface 66. Further, a memory 67 1s the memory wherein
writing and reading data are performed according to the

above-mentioned CPU 64.

Here, 1n the above-mentioned 1mage compression section
62, the compression and decompression (extension) are
performed as shown 1n FIG. 14.

As shown 1n FIG. 14, prior to the compression, the high
frequency component 1s subjected to enhancement process;
then, to DTC (Discrete Cosine Transformation) for each of
8x8 pixel block units; to quantization; are Huffman coded
and the compressed data are obtained. When the compressed
data are decompressed (extended), the data are subjected to
the reversed processes and after the depression, the high
frequency component 1s subjected to reduction process.

As mentioned above, when a structure 1s employed
wherein prior to the compression, the high frequency com-
ponent 1s subjected to enhancement process and after the
decompression, 1s subjected to decrease process, without
discriminating the presence of the flat portion of an 1mage or
block distortion, the block distortion caused by the com-
pression process may be decreased utilizing the process
(low-pass filter) which decreases the high frequency com-
ponent.

Further, 1n the JPEG compression wherein the DCT
transformation 1s carried by making 8x8 pixel one block, a
block boundary 1s set every 8 pixels and the block distortion
1s employed wherein 1n the boundary portion. Therefore,
when a structure 1s employed wherein the boundary portion
every 8 pixels 1s only subjected to process for decreasing the
hiech frequency component, the block distortion i1s more
ciiectively reduced.

In the structure shown m FIG. 14, each of RGB signals 1s
subjected to enhancement and reduction 1n the high fre-
quency component. However, as shown 1 FIG. 15, the
structure may be that prior to the compression, RGB signals
are transformed to YCC signals (signals composed of bright-
ness Y signal and color C signal); the brightness Y signal is
only subjected to the enhancement process of the high
frequency component; the compression process 1s then prac-
ticed; after the decompression, the brightness Y signal is
only subjected to reduction process in the high frequency
component; the resulting signals are then transformed to the
RGB signals and the resulting RGB signals are output. As
mentioned above, when the structure 1s utilized wherein the
brightness Y signal 1s only subjected to enhancement pro-
cess of the high frequency component, the reduction 1n
calculation load 1s practiced.

Further, the transformation between the RGB signals and
the YCC signals may be performed utilizing a matrix
operation. For example, the transtormation matrix to Y, E,
E,, 1s as follows.

0.299 0.587 0.144
0.701 —(0.587 -0.144
-(0.299 —-(0.587 0.886

10

15

20

25

30

35

40

45

50

55

60

65

16

Furthermore, the reverse transformation matrix 1s as follows.

0.971 1.000 -0.029
0.971 —-(0.509 —0.223
0.971 0.000 0.971

However, the matrix has various modified examples.

The enhancement and reduction processes of the above-
mentioned high frequency component may be performed
utilizing either hardware or software, In addition, the struc-
ture may be available wherein at the compression, the
enhancement process 1s performed after the DTC transfor-
mation and at the decompression, the reduction process 1s
performed prior to the DCT transformation. Furthermore,
various well known methods may be available as the meth-
ods for the enhancement and reduction 1n the high frequency
component. However, the high frequency component can be
precisely processed utilizing a space filter. Furthermore, the

Fourier transform may be utilized for processing the high
frequency component.

Furthermore, a structure may be utilized wherein the
enhancement process of the high frequency component prior
to the compression 1s performed at the same time when the
interpolation operation of the image signals of the above-
mentioned mosaic filter 1s performed.

For example, at performing the interpolation operation as
shown 1 above Table 2, when the coeflicient 3 1s too large,
the sharpness of an image becomes high (the high frequency
component is enhanced.). Therefore, for example, in the
region of 3=2 or near, a structure may be utilized wherein in
order to reduce the block distortion, the enhancement pro-
cess of the high frequency component and the interpolation
operation are performed at the same time.

Further, when the kind of the mosaic filter 1s different, the
interpolation operation formulas shown 1n the above Tables
4 to 6 may be utilized and the enhancement of the high
frequency component may be performed utilizing the edge
enhancing coeflicient 3.

Furthermore, 1n all the above-mentioned examples, the
image photographed by the CCD 2 carries conspicuous
noise 1n the part of low brightness and no conspicuous noise
at the part of high brightness. Accordingly, when the
enhancement 1s lowered for the part of the low brightness
and 1s raised for the part of the high brightness, the sharpness
may be improved without making the noise so conspicuous.
It may be practiced 1in such a way that the brightness is
obtained by adding the average value of G for the primary
color filter and the average value of Ye and Cy for the
complementary color filter and for the resulting brightness,
the table 1s prepared such as shown in FIG. 16 and the
sharpness adjusting coetlicient f3 1s varied for each of pixels.

Furthermore, 1n the foregoing, the compression process 1n
the electronic camera employing the single plate mosaic
filter 1s described. However, for the reduction 1n the block
distortion, the enhancement of the high frequency compo-
nent prior to the compression and the reduction process after
the decompression are not limited to the above-mentioned
clectronic camera but may be utilized properly.

Accordingly, the advantages of the present invention are
that according to the average value of each color i1n the
desired region 1n which the target pixel subjected to the
interpolation process 1s positioned in the center and the
signal value at a target pixel, the interpolation process 1is
performed, and thus, color reproduction and sharpness are
improved and interpolation values are obtained by a com-
paratively simple process.
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Furthermore, the advantages of the present mnvention are
that even when utilizing a camera having neither a Red filter
nor a Blue filter, the color reproduction and the sharpness are
improved and further, a stmple process interpolation may be
performed.

Furthermore, the advantages of the present invention are
that upon comparing the signal of the target pixel to the
average value of the pixel having the same filter color as that
of the target pixel in the desired region, the interpolation
values may be obtained according to the features in the
desired region of the signals of the target pixel, and
accordingly, the excellent color reproduction may be
obtained.

Furthermore, the advantages of the present mnvention are
that according to the 1interpolation process, the edge
enhancement may be performed, and accordingly, the image
having excellent sharpness may be obtained.

Furthermore, the advantages of the present invention are
that while performing the edge enhancement, the interpola-
fion process improving the color reproduction may be per-
formed.

Furthermore, the advantage of the present invention 1s
that for the color filter which 1s not equipped with a Red filter
and a Blue filter such as G, Ye, Mg, Cy, etc., mterpolation
values of R and B may be obtained simply while improving,
the color reproduction.

Furthermore, the advantage of the present invention 1s
that the deterioration of MTF according to the variation in an
aperture stop or focal length may be corrected at the inter-
polation process.

Furthermore, the advantage of the present invention 1s
that the pseudo-color at the edge portion may be decreased.

Furthermore, the advantages of the present invention are
that the operation of the average value (total of signal
values) in the desired region may be performed efficiently
and the processing speed may be increased.

Furthermore, the advantage of the present invention 1s
that the decrease 1n the marginal brightness may be ecasily
corrected.

Furthermore, the advantage of the present invention 1s
that the block distortion may be reduced utilizing a simple
imaging process without the deterioration 1n 1mage quality.

Furthermore, the advantage of the present invention 1s
that the block distortion may be more effectively reduced
utilizing a simple 1maging process without the deterioration
in 1mage quality.

Furthermore, the advantage of the present invention 1s
that 1n an electronic camera, the deterioration 1n image
quality accompanied with the compression and decompres-
sion of the image data may be prevented using a simple
1maging Process.

Furthermore, the advantages of the present invention are
that in an electronic camera utilizing a mosaic-like color
filter, the block distortion and the artifact may be reduced at
the same time.

Furthermore, the advantages of the present invention are
that the enhancement of the high frequency component may
be performed utilizing the interpolation process for the
mosaic-like color filter, and the signal processing may be
simplified without setting up separately the function for
enhancing the high frequency component.

Furthermore, the advantages of the present invention are
that a degree of freedom for processing the high frequency
component 1s high and the precise interpolation may be
applied.

Furthermore, the advantage of the present invention 1s
that the operation load 1n processing the high frequency
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component may be reduced while letting the brightness Y
signal 1s only put as a processing target.

What 1s claimed 1s:

1. An 1mage processing method of an electronic camera
which comprises a photoelectric conversion element having
a plurality of sensors and color filters 1n a plurality of
different colors, wherein each of said plurality of sensors
corresponds to a respective one of said color {filters 1n said
different colors, said method comprising the steps of:

obtaining a signal value from a target sensor of said
plurality of sensors when one of said plurality of said
sensors 1s assigned to said target sensor;

obtaining a first average value from signal values of said
plurality of sensors having said color filters of which a
color 1s the same as that of one of said color filters
corresponding to said target sensor;

obtaining a second average value from signal values of
said plurality of sensors having said color filters of
which a color 1s different from that of one of said color
filters corresponding to said target sensor; and

obtaining an edge-enhanced interpolation value for a
color, which 1s different from that of said one of said
color filters corresponding to said target sensor, of said
target sensor according to said signal value from said
target sensor, said first average value and said second
average value;

wherein at least one of said color {ilters 1s of a green color;
and

wheremn said step of obtaining said interpolation value
includes a step of:

obtaining an interpolation value g for green of said target
sensor, when said one of said color filters correspond-
ing to said target sensor 1s of a color other than green,
according to the following equation:

o=G"'+p(X-X")

wherein X represents a signal value from said target
sensor, G' represents said first average value, X' repre-
sents said second average value, and 3 represents an
edge enhancing coeflicient.
2. The method of claim 1, wherein said step of obtaining
said interpolation value mcludes a step of:

obtaining an 1nterpolation value g for green of said target
sensor, when said one of said color filters correspond-
ing to said target sensor 1s of a green color, according
to the following equation:

o=G'+p(G-G")

wherein G represents said signal value from said target
sensor, G' represents said first average value and 3
represents an edge enhancing coeflicient.

3. An 1mage processing method of an electronic camera
which comprises a photoelectric conversion element having
a plurality of sensors and color filters 1n a plurality of
different colors, wherein each of said plurality of sensors
corresponds to a respective one of said color {filters 1n said
different colors, said method comprising the steps of:

obtaining a signal value from a target sensor of said
plurality of sensors when one of said plurality of said
sensors 1s assigned to said target sensor;

obtaining a first average value from signal values of said
plurality of sensors having said color filters of which a
color 1s the same as that of one of said color filters

corresponding to said target sensor;
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obtaining a second average value from signal values of
said plurality of sensors having said color filters of
which a color 1s different from that of one of said color
filters corresponding to said target sensor; and

obtaining an edge-enhanced interpolation value for a
color, which 1s different from that of said one of said
color filters corresponding to said target sensor, of said
target sensor according to said signal value from said
target sensor, said first average value and said second
average value;

wherein at least one of said color filters 1s of a green color;
and

wherein said step of obtaining said interpolation value
includes a step of:

obtaining an interpolation value b for blue of said target
sensor, when said one of said color filters correspond-
ing to said target sensor 1s of a color other than blue,
according to the following equation:

b=B'+B(Y-Y")

wherein Y represents a signal value from said target

sensor, B' represents said first average value, Y' repre-

sents said second average value, and P represents an

cdge enhancing coeflicient, and

obtaining an interpolation value r for red of said target
sensor, when said one of said color filters corre-
sponding to said target sensor 1s of a color other than
red according to the following equation:

r=R+B(Z-Z)

wherein Z represents a signal value from said target
sensor, R' represents said first average value, Z'
represents said second average value, and 3 repre-
sents an edge enhancing coeflicient.
4. The method of claim 3, wherein said step of obtaining,
said mnterpolation value includes a step of:

obtaining an interpolation value b for blue of said target
sensor, when said one of said color filters correspond-
ing to said target sensor 1s of a blue color, according to
the following equation:

b=B'+B(B-B")

wherein B represents a signal value from said target
sensor, B' represents said first average value and 3
represents an edge

5. The method of claim 1, wherein said edge enhancing,
coefficient 3 1s varied according to modulation transfer
function of an optical system of said electronic camera.

6. An 1image processing method of an electronic camera
which comprises a photoelectric conversion element having,
a plurality of sensors and color filters 1n a plurality of
different colors, wherein each of said plurality of sensors
corresponds to a respective one of said color {filters 1n said
different colors, said method comprising the steps of:

obtaining a signal value from a target sensor of said
plurality of sensors when one of said plurality of said
sensors 1s assigned to said target sensor;

obtaining a first average value from signal values of said
plurality of sensors having said color filters of which a
color 1s the same as that of one of said color filters
corresponding to said target sensor;

obtaining a second average value from signal values of
said plurality of sensors having said color filters of
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which a color 1s different from that of one of said color
filters corresponding to said target sensor; and

™

obtaining an edge-enhanced interpolation value for a
color, which 1s different from that of said one of said
color filters corresponding to said target sensor, of said
target sensor according to said signal value from said
target sensor, said first average value and said second
average value;

wherein at least one of said color filters 1s of a color
selected from green, and at least one other of said color
filters 1s of a complementary color other than blue and
red. enhancing coeflicient, and

obtaining an interpolation value r for red of said target
sensor, when said one of said color filters correspond-
ing to said target sensor 1s of a red color, according to
the following equation:

=R'+B(R-R")

wherein R represents a signal value from said target sensor,
R'represents said first average value and P represents an edge
enhancing coeflicient.

7. The method of claim 6, wherein each of said color
filters 1s of a color selected from green, yellow, cyan and
magenta.

8. The method of claim 7, wherein said step of obtaining
said mnterpolation value mncludes a step of:

obtaining an 1nterpolation value g for green of said target
sensor, when said one of said color filters correspond-
ing to said target sensor 1s of a color other than green,
according to the following equation:

o=G"'+p(X-X")

wherein X represents a signal value from said target sensor,
G' represents said first average value, X' represents said
second average value, and {3 represents an edge enhancing
coellicient.

9. The method of claim 8, wherein said step of obtaining
said interpolation value includes a step of:

obtaining an 1nterpolation value g for green of said target
sensor, when said one of said color filters correspond-
ing to said target sensor 1s of a green color, according
to the following equation:

o=G'+p(G-G")

wherein G represents said signal value from said target
sensor, G' represents said first average value and { represents
an edge enhancing coelflicient.

10. The method of claim 7, wherein said step of obtaining
said interpolation value includes a step of:

obtaining both an interpolation value b for blue of said
target sensor and an 1nterpolation value r for red of said
target sensor according to the following equations:

b=b'+p(Y-Y")
r=r'+p(Y-Y")

wherein Y represents said signal value from said target
sensor, Y' represents said first average value, [3 represents an
edge enhancing coeflicient, and b' and r' are obtained accord-
ing to the following equations:

b'=Ye'+Mg'+Cy'

r'=Ye'+Mg'-Cy'
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wheremn Ye', Mg', and Cy' respectively represent average 12. The method of claim 6, wherein said color filters in
values of said plurality of said sensors 1n yellow, magenta, said different colors are arranged according to a predeter-
and cyan. mined rule.

11. The method of claim 8, wherein said edge enhancing 13. Ihe method of claim 12, wherein said color filters 1n

coefficient B is varied according to modulation transfer s said different colors are arranged 1n a checkerboard pattern.
function of an optical system of said electronic camera. k& & ok ok
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